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Abstract
Little is known about the prevalence of frailty and aboutBackground: 
normal values for physical performance among older individuals in
low-income countries, in particular those in sub-Saharan Africa. We
describe the prevalence of phenotypic frailty, and values and correlates of
several physical performance measures in a cohort of middle-aged and
older people living in rural Burkina Faso, one of the world’s poorest
communities.
We analysed data collected from participants aged over 40 inMethods: 
Nouna district, Burkina Faso. We measured handgrip strength, four metre
walk speed, chair rise time, and derived the Fried frailty score based on grip
strength, gait speed, body mass index, self-reported exhaustion, and
physical activity. Frailty and physical performance indicators were then
correlated with health and sociodemographic variables including comorbid
disease, marital status, age, sex, wealth and activity impairment.
 Our sample included 2973 individuals (1503 women), mean ageResults:
54 years. 1207 (43%) were categorised as non-frail, 1324 (44%) as prefrail,
212 (7%) as frail, and 167 (6%) were unable to complete all five frailty score
components. Lower grip strength, longer chair stand time, lower walk speed
and prevalence of frailty rose with age. Frailty was more common in women
than men (8% vs 6%, p=0.01) except in those aged 80 and over. Frailty was
strongly associated with impairment of activities of daily living and with
lower wealth, being widowed, diabetes mellitus, hypertension, and
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 lower wealth, being widowed, diabetes mellitus, hypertension, and
self-reported diagnoses of tuberculosis or heart disease. With the exception
of grip strength, which was higher in women than prior international
normative values, women had greater deficits than men in physical
performance.
Phenotypic frailty and impaired physical performance wereConclusions: 
associated as expected with female sex, co-morbidities, increasing age and
impaired activities of daily living. These results support the use of frailty
measurements for classification of ageing related syndromes in this setting.
Keywords
Frailty, physical performance, prevalence, activities of daily living,
sub-Saharan Africa
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Introduction
Population ageing is now a reality in countries with low incomes 
and historically low life expectancy; particularly in sub-Saha-
ran Africa1, where improved control of infectious diseases 
has started to translate into rapid gains in life expectancy2. 
Understanding the epidemiology of ageing in such coun-
tries is essential if limited resources are to be deployed to best 
support healthy ageing, and ensure that increased longevity 
provides individual and societal dividends3.
Frailty is at the heart of understanding both healthy ageing 
and the impact of ill-health in old age. Frailty has been concep-
tualised as a state of reduced homeostatic reserve, leading to 
increased vulnerability to stressors4,5. In high- and middle-income 
countries, it is a powerful predictor of a diverse range of adverse 
outcomes for older people, including earlier death, increased 
need for healthcare, disability, dependency, injury and the 
need for informal and formal social care5–8. As such, it forms 
a key intermediate phenotype between disease and dis-
ability, and in high-income countries, it identifies a group of 
vulnerable older people who are most likely to benefit from 
Comprehensive Geriatric Assessment – an evidence-based, 
holistic approach to health and social care management for 
older people9.
Although most work on frailty has been conducted in high-
income countries, an emerging body of work supports the 
applicability of the concept in low and middle income coun-
tries (LMICs)10. Recent studies from South Africa11 using 
the Fried frailty criteria, and from Tanzania12,13 using both 
the Fried criteria and a cumulative deficit approach, have char-
acterised frailty in older people. A review of studies in LMICs, 
including Brazil, Mexico, China and Russia, also demon-
strated high rates of phenotypic frailty in community-dwelling 
older adults, ranging from 17 to 44%, depending on the 
definition and population14. Given the disparity in prevalence 
between methods, settings and countries, data are required that 
are sufficiently distinct to capture country and culture-specific 
variations, using tools validated within the region of interest. 
Very little work has been done in the lowest income countries 
of sub-Saharan Africa, particularly in West Africa, where 14 
out of 17 countries reside in the lowest development index 
category15. A combination of poverty, weak healthcare infra-
structure and competing demands in tackling communica-
ble diseases, childhood and maternal health pose particularly 
difficult challenges to governments and healthcare providers 
seeking to support healthy ageing16,17.
There is consequently a need to ensure that widely used frailty 
tools – which were developed in high-income countries with 
very different populations, cultures and healthcare systems - are 
appropriate for use in local populations. Cumulative deficit frailty 
scores require collection of data on a large number of health 
domains – data that are not often readily available in many 
healthcare systems in LMICs. In contrast, phenotypic frailty 
lends itself to measurement in both clinical and research practice 
even in resource-poor environments, as it does not require costly 
infrastructure or comprehensive laboratory testing. Individual 
measures of physical performance, such as walk speed, grip 
strength and chair rise time are useful as part of frailty assess-
ments and powerful individual predictors of adverse outcomes 
in a wide range of older populations; such measures can be 
collected and used even in the absence of formal diagnoses 
which may be difficult to access in resource-poor settings. Sum-
marizing these measures across the age range and between 
sexes, provides crucial normative data upon which to base the 
use of such tools in clinical practice. Indeed, frailty and physi-
cal performance data will provide site-specific information 
on population ageing, while identifying groups at high risk of 
frailty-associated poor outcomes and health indicators, who 
would potentially benefit from health and social care inter-
ventions and services to maintain health and function in 
older age.
In this paper, we aimed to 1) characterise the prevalence 
of frailty, defined using the Fried Frailty Score, 2) describe 
the range and characteristics of commonly used measures 
of physical performance, and 3) assess the performance of 
frailty and physical performance scales and determine the 
correlates of frailty and physical performance in middle aged 
and older adults in the Nouna region of Burkina Faso, which 
ranks among the most rural regions of a country that falls in 
the lowest 2% of development globally.
Methods
Population description
The data used in this analysis were collected as part of the Cen-
tre de Recherche en Santé de Nouna (CRSN) Heidelberg Aging 
Study, hereafter abbreviated as CHAS. CHAS was conducted at 
the Nouna Health and Demographic Surveillance System (HDSS) 
site in Boucle du Mouhoun province, north-western Burkina 
Faso. The HDSS comprises the town of Nouna and 58 surround-
ing villages with a total population of ~107,000, and has been 
run by (CRSN) since 199318. Most inhabitants are Muslim or 
Roman Catholic, although some are Protestant or Animist; 
several different ethnic groups are represented. The HDSS 
site is predominantly rural, comprising dry orchard savannah. 
Subsistence farming and cattle raising are major economic 
activities. Annual per-capita income is extremely low in the 
Nouna area, averaging only $400 per year, and school attend-
ance averages only 1.2 years per person. These levels are lower 
than the average for Burkina Faso; figures in 2017 were $1650 
and 1.5 years respectively.
Survey
CHAS was a cross-sectional study of adults aged 40 years and 
older. The sample for CHAS was drawn from the 2015 HDSS 
household census using a stratified random sample of adults 
living in unique households within the HDSS. We sampled 
4000 potential participants with the expectation of 25% non-
response due to mortality since the prior census, inadequate 
mobility to participate or individuals declining to participate, with 
a target of 3000 responses. In the six villages with fewer than 
50 adults aged over 40, all adults were selected. In the remain-
ing communities, households containing at least one person 
aged over 40 were randomly selected, and then a potential 
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respondent aged over 40 was randomly selected from each 
of these households.
Eligibility criteria for CHAS were: (i) being over 40 years of 
age; (ii) being primarily resident in a Nouna HDSS house-
hold for at least the past six months; and (iii) being willing and 
able to give informed consent to participate.
We collected data between May and July 2018 using tab-
let computers at respondents’ places of residence. Interviews 
were conducted either in French or translated into Dioula or 
Mooré, the most frequently spoken (but rarely written) local 
languages by fieldworkers; fieldworker training included 
translation practice. Blood was drawn by a trained phlebotomist 
also at respondents’ residences. Respondents with test results 
suggesting hypertension, diabetes mellitus, hyperlipidemia or 
anemia were recontacted and provided with a referral to the 
appropriate level of care with costs of care and travel 
provided.
Consent
Ethical approval for CHAS was obtained from Ethics Com-
mission I of the medical faculty Heidelberg (S-120/2018), the 
Burkina Faso Comité d’Ethique pour la Recherche en Santé 
(CERS) in Ouagadougou (2018-4-045) and the Institutional 
Ethics Committee (CIE) of the CRSN (2018-04). Oral assent 
was sought from village elders. Written informed consent was 
obtained from each participant; in cases of illiteracy, a literate 
witness assisted.
Measures of physical performance and frailty
Three measures of physical performance were obtained. Walk 
speed was measured over a 4-metre course, marked out on 
level ground19. Participants were asked to walk the course at 
their usual walking pace from a standing start. Two meas-
ures were obtained, the second attempt being performed in the 
reverse direction to the first. The time taken to complete the 
course was timed using a digital stopwatch and recorded to 
the nearest tenth of a second. The fastest time was used to 
derive walk speed in metres per second. Handgrip strength was 
measured using a Jamar Plus Digital Hand Dynamometer20. 
Measurements were taken with the participant seated, the 
arm under test held at ninety degrees elbow flexion and with 
the shoulder and wrist in the neutral position. Two attempts 
were recorded from each hand, and the maximum value was 
used in this analysis. The time taken to rise and sit from a chair 
five times was recorded using a digital stopwatch. The test 
was performed using a standard chair without arms, and 
participants were asked to stand without using their arms to 
assist rising19.
Thresholds for each domain of frailty were selected to be as 
close to those used in the original Fried derivation5 as possible. 
Weight loss was defined as self-reported loss of >4kg over the 
last year (change in weight was reported as an integer). Low grip 
strength was defined as the lowest quintile of BMI-adjusted 
grip for each sex. Low walk speed was defined as the lowest 
quintile of height-adjusted walk speed over a 4-metre course 
for each sex. Low activity levels were defined as the high-
est quintile of self-reported hours of sitting per week for each 
sex. Self-reported exhaustion was measured using two ques-
tions from the eight-item CES-D scale21: “Everything I did in the 
last week was an effort” or “I could not get going”. A positive 
response was defined as either question answered as 
applying for at least 3–4 days per week. Information on meas-
urement of hours sitting per week, equations used to derive 
adjusted grip and walk speeds, and sex-specific cut-off values 
used to define the above variables are given in Table 1.
Table 1. Equations and cutoff values used to derive Fried frailty score.
Men Women
Mean grip strength (kg) 44.9 31.1
Equation for adjusted grip strength = maximum grip - ((BMI - 21.6) * 1.17). = maximum grip - ((BMI – 22.4) * 0.44).
Low BMI-adjusted grip strength <37.1kg <25.0kg
Mean walk speed (m/s) 1.045 0.888
Equation for adjusted walk speed = walk speed - ((height in cm- 172) * 
0.00579)
= walk speed - ((height in cm - 162) * 
0.00849)
Low height adjusted walk speed <0.821m/s <0.720m/s
Self-reported weight loss >4kg in last year >4kg in last year
Self-reported exhaustion (2 questions) Response of ‘3 to 4 days a week’ or 
more often to either question
Response of ‘3 to 4 days a week’ or 
more often to either question
Self-reported low activity levels 
(denoted by hours sitting per week)
>=34 hours >=36 hours
BMI: Body mass index
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The phenotypic frailty score was derived using a simi-
lar method to the original Fried score5. Each domain (weight 
loss, low grip strength, low walk speed, self-reported exhaus-
tion, low activity levels) scored one point, giving a final total 
of between 0 and 5 points. Individuals scoring zero were 
labelled as non-frail; 1–2 points labelled as prefrail, and 3 or 
more points labelled as frail. Individuals with missing data in 
one or more domains were labelled as ‘unable to calculate’; 
we describe how this group were handled in analyses below.
Activities of daily living, comorbidities and 
sociodemographic variables
Basic activities of daily living (ADLs) - walking, transfers, toi-
leting, dressing, bathing and eating - were captured via self-
report. For all ADLs except walking, response options were: 
no difficulty, mild/moderate/severe difficulty, unable to do, or 
do not want to do. For walking, response options were: no dif-
ficulty, some difficulty, unable, or do not want to do. For this 
analysis, ADL impairment was classified as moderate or worse 
(some difficulty or worse for walking). Comorbidities were 
ascertained by a combination of self-report and objective meas-
ures. For a diagnosis of previous cancer, tuberculosis, chronic 
respiratory disease, stroke or heart disease, we relied on self-
report of previous diagnosis or treatment. For HIV, we asked 
if participants had ever had a positive HIV test. We defined 
hypertension as either self-reported previous diagnosis or 
treatment, or a systolic blood pressure of >140mmHg, or a 
diastolic blood pressure of >90mmHg. Blood pressure was 
measured in the seated position after rest. Three measures 
were taken, and the mean of the second and third readings 
was used. We defined diabetes mellitus as either self-reported 
previous diagnosis or treatment, a random capillary glucose 
level of >200mg/dL, a fasting glucose level of >126mg/dL 
or an HbA1c level of >6.5%. Wealth was described by the 
construction of an asset index that included type and distance to 
water source, toilet characteristics, house room character-
istics, cooking fuel, livestock, land area, electricity, furni-
ture, watch, animal-pulled cart, cell phone, and bank account. 
Polychoric principal components analysis was used to derive 
an index as previously described22 before division into 
quintiles. Marital status was obtained from self-report, divided 
into married/cohabiting, separated/divorced, widowed, or never 
married.
Analyses
All analyses were conducted using SPSS v24 (IBM, New 
York, USA). A two-sided p value of <0.05 was taken to be 
significant for all analyses. Descriptive statistics were gener-
ated for baseline variables. Bivariate associations between frailty 
categories and other categorical variables were conducted using 
Pearson’s chi-squared test, or Fisher’s exact test where any 
cell value was five or less. To test whether disease and socio-
economic variables were associated with frailty status independ-
ent of age and sex, binary logistic regression models were run 
separately for marital status, wealth category and each diseases 
state, adjusting for age and sex. Between-group comparisons of 
continuous variables were conducted using Student’s t-test for 
normally distributed variables, and Mann-Whitney U test for 
non-normally distributed variables. Tests for trend across the 
categories non-frail, prefrail and frail for ADL impairments 
were performed using the Mantel-Haenszel test. Previous work 
has suggested that individuals with missing data have a prog-
nosis similar to, or even worse than, those who are classed as 
frail11. We therefore analysed those with missing data sepa-
rately from those classed as frail in descriptive analyses, but 
included analyses using frail only, and frail combined with 
missing data, for univariate and multivariable analyses of 
association between baseline variables and frailty status.
To allow comparison of measures of physical perform-
ance in the CHAS cohort with other findings from the global 
literature, we additionally applied prespecified cutoffs for low 
walk speed (<0.8m/s), very low walk speed (<0.6m/s), pro-
longed chair stand time (>15s) and low handgrip strength 
(<27kg for men, <16kg for women) based on values used in 
previous studies and which are currently recommended in the 
European Working Group guidelines on sarcopenia diagnosis23,24.
Results
A total of 3998 individuals were approached to participate; 3028 
(76%) agreed to participate and completed the baseline inter-
view. 2973 individuals agreed to undergo measures of physi-
cal performance and were included in this analysis. Baseline 
details are given in Table 2. The prevalence of each frailty 
component, and overall prevalence of each frailty category, is 
given in Table 3. The overall prevalence of frailty in the 
study population was 7.1%, with a further 5.6% unable or 
unwilling to complete all of the components required to 
calculate a frailty score. The prevalence of frailty by age and 
sex is given in Figure 1A; Figure 1B shows similar data but 
aggregates those with frailty and those unable to have a frailty 
score calculated in the prevalence. In both cases, frailty was 
more prevalent at older age as expected; frailty was non- 
significantly more prevalent in women than in men except in 
the older old (those aged 80 and over) where frailty was signifi-
cantly more common in men. Table 4 shows the distribution 
of individual frailty domains by age and sex, suggesting that 
the higher rates of frailty seen in the oldest men were due to 
greater prevalence of weak grip and low activity levels than that 
seen in the oldest women.
Table 5 gives the prevalence of ADL impairments for each of 
the six basic ADLs by frailty category. ADL impairments were 
more common in those categorised as pre-frail than in non-
frail, and more common again in those categorised as frail. 
Table 6 shows differences in grip strength, walk speed and chair 
stand time for those with and without ADL impairments. Sig-
nificant differences were evident for most physical perform-
ance measures between those with and without each ADL 
impairment. Table 7 shows associations between a range of 
baseline characteristics and frailty. Those in the lowest wealth 
index category were more likely to be frail, as were those who 
were widowed. Frailty was associated with hypertension, 
diabetes, self-reported heart disease and previous tuberculo-
sis after adjusting for age and sex, but interestingly not with 
self-reported previous cancer, stroke or a positive HIV test, 
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Table 2. Baseline characteristics (n=2973).
Mean age (years)(SD) 54.4 (11.0)
40–49 (%) 1236 (41.6)
50–59 (%) 856 (28.8)
60–69 (%) 546 (18.4)
70–79 (%) 267 (9.0)
80+ (%) 68 (2.3)
Female sex (%) 1503 (50.6)
Diseases Diabetes mellitus 190 (6.4)
Hypertension 1090 (36.7)
Previous cancer diagnosis 14 (0.5)
Previous tuberculosis 54 (1.8)
Previously tested HIV positive 16 (0.5)
Chronic respiratory disease 98 (3.3)
Previous stroke 39 (1.3)
Heart disease 165 (5.5)
Marital status (%) Married/cohabiting 2246 (75.5)
Separated/divorced 61 (2.1)
Widowed 629 (21.1)
Never married 34 (1.1)
Missing data 3 (0.1)
Mean body mass index (kg/m2) (SD) Men 21.7 (3.5)
Women 22.4 (4.8)
Mean walk speed (m/s) (SD) Men 1.04 (0.27)
Women 0.89 (0.23)
Mean grip strength (kg) (SD) Men 44.9 (10.4)
Women 31.1 (7.3)
Median chair stand time (IQR) Men 13.0 (11.0 – 15.8)
Women 15.0 (12.0 – 18.0)
Mean sedentary hours per week (SD) 25.6 (14.1)
At least one moderate ADL impairment (%) 851 (28.6)
Missing data: BMI: 4 missing. Chair stand: 160 missing. Walk speed: 43 missing. Grip strength: 35 missing
ADL: Activities of Daily Living
Table 3. Prevalence of frailty score components and frailty categories.
Component Frequency
>4 kg weight loss 256/2870 (8.9%) (103 missing)
Everything is an effort in past week 
    OR 
Could not get going in past week
614/2972 (20.7%) (1 missing)
Lowest quintile walk speed (by sex, adjusted for height) 590/2930 (20.1%) (43 missing)
Lowest quintile grip strength (by sex, adjusted for BMI) 588/2935 (20.0%) (38 missing)
Highest quintile sitting time (by sex) 558/2962 (18.8%) (11 missing)
Frailty category (%)
Non-frail 1270 (42.7)
Pre-frail 1324 (44.5)
Frail 212 (7.1)
Unable to score 167 (5.6)
BMI: Body mass index
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Figure 1. Frailty prevalence by age and sex. A. % with frailty (Fried score 3 or more).B. % with frailty (Fried score 3 or more) or unable to 
complete all components of frailty testing.
Table 4. Prevalence of each frailty domain by age and sex.
Low grip (%) Low walk speed (%) Weight loss (%) Exhaustion (%) Low activity (%)
Age 
(years)
men women men women men women men women men women
40–49 53/689 (8) 31/544 (7) 93/689 (13) 55/544 (10) 53/691 (8) 50/526 (10) 78/712 (11) 80/546 (15) 107/710 (15) 46/544 (8)
50–59 60/409 (15) 54/442 (12) 75/406 (18) 63/440 (14) 29/412 (7) 37/428 (9) 74/420 (18) 95/447 (21) 58/420 (14) 60/445 (13)
60–69 97/230 (42) 104/310 (34) 62/230 (27) 82/306 (27) 24/224 (11) 32/303 (11) 59/233 (25) 98/313 (31) 61/232 (26) 79/313 (25)
70–79 61/107 (57) 83/142 (58) 46/106 (43) 72/146 (49) 13/109 (12) 12/144 (8) 40/113 (35) 56/154 (36) 55/112 (49) 63/154 (41)
80+ 21/24 (88) 24/38 (63) 15/24 (63) 27/39 (69) 3/25 (12) 4/42 (10) 14/26 (54) 24/43 (56) 17/24 (71) 17/43 (40)
Table 5. Associations between frailty and significant ADL impairment (n=2972).
Non-frail 
(n=1270)
Pre-frail 
(n=1324)
Frail 
(n=212)
P for trend* Unable to score 
(n=167)
Whole cohort 
(n=2972)
Any ADL impairment (%) 264 (20.8) 390 (29.5) 130 (61.3) <0.001 67 (50.3) 851 (28.6)
Difficulty walking (%) 216 (17.0) 337 (25.5) 119 (56.1) <0.001 65 (38.9) 737 (24.8)
Difficulty dressing (%) 32 (2.5) 59 (4.5) 31 (14.6) <0.001 23 (13.8) 145 (4.9)
Difficulty bathing (%) 50 (3.9) 95 (7.2) 38 (17.9) <0.001 23 (13.8) 206 (6.9)
Difficulty eating (%) 61 (4.8) 67 (5.1) 25 (11.8) 0.004 14 (8.4) 167 (5.6)
Difficulty transferring (%) 44 (3.5) 82 (6.2) 43 (20.3) <0.001 27 (16.2) 196 (6.6)
Difficulty toileting (%) 45 (3.5) 107 (8.1) 54 (25.5) <0.001 30 (18.0) 236 (7.9)
*trend across non-frail, prefrail and frail
ADL: Activities of Daily Living
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Table 6. Associations between physical performance and level of ADL impairment (n=2972).
Mean walk speed (m/s) 
(SD)
Mean grip strength (kg) 
(SD)
Median chair stand time (s) (IQR)
Men Women Men Women Men Women
No significant ADL impairment 1.08 (0.26) 0.92 (0.22) 46.2 (9.8) 32.0 (7.0) 12.0 (11.0-15.0) 14.0 (12.0-18.0)
One or more significant ADL 
impairments
0.93 (0.28)* 0.82 (0.22)* 40.5 (11.3)* 29.2 (7.4)* 14.0 (11.0-17.5)* 16.0 (13.0-20.0)*
Difficulty walking No 1.08 (0.26) 0.92 (0.22) 46.1 (9.8) 32.0 (7.0) 12.0 (11.0-15.0) 14.0 (12.0-18.0)
Yes 0.90 (0.28)* 0.81 (0.22)* 40.0 (11.4)* 28.9 (7.5)* 14.0 (11.5-18.0)* 17.0 (13.0-20.0)*
Difficulty dressing No 1.05 (0.26) 0.89 (0.22) 45.3 (10.3) 31.3 (7.2) 13.0 (11.0-15.1) 15.0 (12.0-18.0)
Yes 0.91 (0.41)* 0.81 (0.25)* 37.1 (11.4)* 27.1 (7.5)* 13.0 (11.0-17.0) 17.0 (13.0-20.0)*
Difficulty bathing No 1.05 (0.26) 0.89 (0.22) 45.4 (10.2) 31.3 (7.2) 13.0 (11.0-15.0) 15.0 (12.0-18.0)
Yes 0.87 (0.33)* 0.82 (0.24)* 37.4 (10.8)* 28.5 (7.2)* 14.0 (12.0-20.0)* 17.0 (13.0-19.0)*
Difficulty eating No 1.05 (0.27) 0.89 (0.23) 45.2 (10.3) 31.3 (7.2) 13.0 (11.0-15.1) 15.0 (12.0-18.0)
Yes 0.91 (0.24)* 0.86 (0.20) 40.0 (11.6)* 28.2 (6.9)* 14.0 (12.0-16.5) 15.0 (12.5-19.0)
Difficulty transferring No 1.06 (0.26) 0.90 (0.22) 45.4 (10.1) 31.3 (7.2) 13.0 (11.0-15.0) 15.0 (12.0-18.0)
Yes 0.84 (0.34)* 0.79 (0.24)* 36.7 (11.6)* 27.7 (7.2)* 14.0 (12.0-19.5)* 16.0 (12.0-19.0)
Difficulty toileting No 1.06 (0.26) 0.90 (0.22) 45.4 (10.2) 31.4 (7.1) 13.0 (11.0-15.0) 15.0 (12.0-18.0)
Yes 0.82 (0.31)* 0.81 (0.25)* 37.6 (11.9)* 27.6 (7.5)* 14.0 (11.3-18.0)* 16.0 (13.0-19.0)*
*p<0.05 vs no impairment. ADL: Activities of Daily Living
although numbers reporting these diagnoses were low. In 
multivariable analysis, adjusting for age, sex, wealth and marital 
status, only hypertension and heart disease were independently 
associated with frailty, as shown in Table 8.
Physical performance measures were all significantly worse 
at higher ages as expected, and were worse in women than 
in men as shown in Figure 2. Using prespecified cutoffs to 
facilitate comparison with other studies of physical perform-
ance, we found that 63/1460 (4.3%) of men had a grip strength 
below 27kg and 21/1478 (1.4%) of women had a grip strength 
below 16kg. 358/1417 (25.2%) of men and 618/1396 (44.3%) 
of women had a chair stand time of >15 seconds. 135/1455 
(9.3%) of men and 328/1475 (22.2%) of women had a walk 
speed of <0.8m/s; 44/1455 (3.0%) of men and 133/1475 (9.0%) 
of women had a walk speed below the more conservative 
threshold of <0.6m/s.
Discussion
In this sample of middle-aged and older people living in rural 
Burkina Faso, we found that frailty, as measured using the 
Fried phenotype was present in 7.7% of the population, was 
more common with advancing age, and was slightly more com-
mon in women than in men, with the exception of those aged 80 
and over, where frailty became more common in men. Higher 
rates of ADL impairments were seen in those with frailty 
than with prefrailty or no frailty. Grip strength, chair stand 
time and walk speed were all worse with advancing age; grip 
strength (particularly for women) was very high compared 
to population data from other LMICs.
The prevalence of frailty that we found was similar to that found 
in rural South Africans of similar age (5.4 to 13.2%) in the Health 
and Ageing in Africa: A longitudinal study of an INDEPTH 
community (HAALSI) study11. A recent study in those aged 
60 and over in Tanzania found a prevalence of 14%12, which 
was similar to the prevalence in those aged 60 and over in our 
sample. However, frailty prevalence at age 70–79 was high 
in our sample (30%); considerably higher than found in the 
same age group in Tanzania (16%) or in HAALSI (10–15%). 
Although frailty prevalence increased steeply with age as 
expected, our finding that frailty was more prevalent in men than 
in women in the oldest (80+) stands in contrast to most 
other populations studied. This finding appears to be 
driven by a higher prevalence of low activity levels and low 
grip strength in the oldest men, although the reasons for these 
findings require further study. Those aged 80 and over are rare 
in Burkina Faso, constituting 0.5% of the Nouna popula-
tion in 200718, and are likely to represent healthy survivors, yet 
despite this, frailty prevalence is very high in this group.
Grip strength was much higher in our cohort than that recently 
described in Tanzania12, even when confining the comparison to 
those aged 60 and over. Similarly, grip strength for both sexes 
was much higher at each comparable age when compared to 
data from the HAALSI cohort in South Africa – approximately 
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Table 8. Multivariable analysis - associations between baseline characteristics and frailty.
Frail Frail or unable to score
OR (95% CI) p OR (95% CI) p
Age (per year) 1.00 (1.00 to 1.00) 0.97 1.00 (1.00 to 1.00) 0.97
Female sex 0.62 (0.43 to 0.90) 0.01 0.77 (0.58-1.02) 0.07
Marital status Married or cohabiting 1 (-) - 1 (-) -
Never married 1.81 0.57 1.03 (0.30 to 3.47) 0.97
Separated/divorced 1.70 0.66 0.86 (0.19 to 3.94) 0.84
Widowed 6.63 0.07 3.06 (0.89 to 10.52) 0.08
Wealth index (quintile) 1 (lowest) 1 (-) - 1 (-) -
2 0.65 (0.41 to 1.02) 0.06 0.74 (0.52 to 1.05) 0.09
3 0.51 (0.31 to 0.83) 0.007 0.46 (0.31 to 0.69) <0.001
4 0.57 (0.35 to 0.91) 0.02 0.59 (0.41 to 0.85) 0.005
5 (highest) 0.60 (0.38 to 0.95) 0.03 0.69 (0.48 to 1.00) 0.05
Diabetes mellitus 1.14 (0.63 to 2.06) 0.66 1.22 (0.78 to 1.92) 0.39
Hypertension 1.70 (1.25 to 2.32) 0.001 1.71 (1.34 to 2.19) <0.001
No previous cancer NC NC 1.18 (0.25 to 5.54) 0.83
No previous TB 1.23 (0.42 to 3.64) 0.71 1.34 (0.57 to 3.14) 0.51
Previous positive HIV test NC NC NC NC
Chronic respiratory disease 0.97 (0.40 to 2.33) 0.94 0.82 (0.40 to 1.70) 0.60
Previous stroke 2.02 (0.66 to 6.18) 0.22 1.43 (0.52 to 3.91) 0.49
Heart disease 1.94 (1.15 to 3.29) 0.01 1.64 (1.04 to 2.56) 0.03
NC: Not calculable. TB: Tuberculosis
10kg higher for those aged 40–49, and 5kg higher for those 
aged 80+25. Comparing grip strength with normative values 
from high income countries (HICs) and LMICs26 showed that 
values in our cohort were similar to normative data from HICs, 
and considerably higher than that from many other LMICs 
in Africa and Asia. This finding was particularly striking for 
women, with mean grip at all ages well above the mean for UK 
normative data. This finding may be driven by the high propor-
tion of women engaged in agrarian labour27. Mean walk speed 
was faster for males and females in our cohort than that seen 
in HAALSI at each comparable age, or Tanzania (0.65m/s); it 
was also faster than most values seen in WHOSAGE in middle 
income countries (mean 0.61 to 0.88m/s)28. Few data exist 
for chair stand times in LMICs, but values in our study for 
those aged 70–79 were comparable to those seen in a study of 
people aged 65 and over living in urban South Africa29. The 
reasons for these high levels of physical performance require 
further study, but may be related to the high levels of life-
time physical activity in the agrarian lifestyle that most partici-
pants had lived for the majority of their lives. These differences 
may be accentuated by survivor bias; less healthy individuals, 
who tend to have lower physical performance, are less 
likely to survive given the lack of sophisticated healthcare 
infrastructure.
Despite these high levels of physical performance, frailty 
prevalence was no lower than in comparable LMICs; this is 
likely to reflect the methodology used to derive phenotypic 
frailty scores, which relies on identifying the lowest 20% 
of the study population for many of the components. This 
approach gives a higher prevalence of frailty than might be 
expected on the basis of the raw physical performance data. Two 
main methods have been proposed for identifying frailty: phe-
notypic scores and cumulative deficit scores. Phenotypic scores 
(e.g. the Fried frailty criteria5) focus on physical frailty and are 
comprised of a small number of measures, such as physical 
function (walk speed and grip strength) weight loss, self-reported 
exhaustion, and self-reported low activity levels. In contrast, 
cumulative deficit models (e.g. Rockwood’s frailty index30) tally 
a number of deficits across a wide range of organ systems. 
For instance, they compile diagnoses of medical diseases, 
deficits of biochemical testing and cognitive test scores, and 
low measures of physiological function such as lung func-
tion or muscle strength. Such cumulative deficit modelling 
approaches are thought to require at least 30 variables for a 
reliable score31. We chose to use the Fried frailty approach for 
this study, partly to reduce respondent burden, but also because 
in the absence of healthcare personnel and infrastructure 
to support comprehensive diagnosis and recording, it is unlikely 
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that sufficient deficits for the Frailty Index would be either 
diagnosed or collected in clinical practice in Burkina Faso. It 
is possible however that a frailty index approach would give 
a different prevalence of frailty, as it is less dependent on 
physical performance measures.
ADL impairment was more common in individuals with frailty 
compared to those who were pre-frail or non-frail. This find-
ing is expected, is similar to that observed in other cohorts11 
and supports the validity of frailty measurement in the Burkina 
Faso cohort. Despite good walk speed and grip strength, ADL 
impairment was paradoxically very common, and this was 
despite a conservative approach to classifying ADL impair-
ment. The reasons for this paradox are not immediately 
apparent. The dispersion of grip strength and walk speed was 
similar in our cohort to that seen in South Africa in HAALSI11, 
but despite this, physical performance values worse than the 
cutoff values in the current European sarcopenia guidelines23 
were common. This suggests that although physical perform-
ance in the whole population was good, there was considerable 
Figure 2. Physical performance by age and sex. A. Walk speed. B. Grip strength. C. Median chair stand time.
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heterogeneity, with at least some of the high prevalence of ADL 
impairment being attributable to poor physical performance. 
Some participants with ADL impairment clearly still had good 
physical performance, as shown by the mean walk speed, 
grip strength and chair stand times in those with ADL 
impairment. Further study is required to understand how the 
respondents in Burkina Faso understood the questionnaire, how 
they conceptualised activity limitation, and how they decided 
on their response to these questions.
Some other limitations require comment. We studied only one 
area of Burkina Faso, and thus our results may not general-
ise to other communities within the country. Currently, only 
cross-sectional data are available, but future waves of data 
collection should allow us to examine trajectories of physical 
performance and frailty, as well as allowing us to study how 
well frailty and physical performance predict future adverse 
outcomes. We had to rely on self-report for most disease states, 
as healthcare facilities to enable a full suite of investigations 
and diagnoses were not feasible to deliver within the confines 
of the CHAS study, and local healthcare facilities are limited 
in both scope and coverage.
Although Burkina Faso has one of the lowest levels of income 
of any country, life expectancy at birth has increased mark-
edly in recent years – from 49.5 years in 1990 to 60.8 years 
in 201732. In keeping with many other LMICs therefore, 
Burkina Faso is undergoing a rapid expansion in the number 
of older people in the population, and this trend is likely to con-
tinue as cohorts surviving childhood continue to age. Under-
standing the prevalence and correlates of frailty and physical 
performance is a key step in designing health and social care 
systems that can maintain physical function and ameliorate 
the effects of frailty on health, wellbeing and societal roles for 
older people. It is striking that rates of frailty even in this very 
poor community are significant; given the strong relationship 
between frailty and older age, number of people living with 
frailty are likely to increase as the population continues to age. 
Frailty is an important predictor of future disability and 
dependency. Preventing or treating frailty is an important 
goal to maintain health and function in older age – one that 
communities such as Nouna have only limited financial and 
technical resources to address. Interventions such as Com-
prehensive Geriatric Assessment (CGA) have been shown 
to improve health and function in high-income countries9. 
The process of CGA provides a base from which interven-
tions tailored to local needs and resources could be developed, 
and frailty provides an important basis for selecting who would 
be likely to benefit from such interventions. The association 
between cardiovascular disease (including hypertension) and 
frailty in this population is noteworthy and suggests one pos-
sible avenue for frailty prevention via control of cardio-
vascular disease. Population-based interventions including 
nutrition, physical activity, social support and healthcare sys-
tems all have a part to play in the maintenance of physical 
function; future work should investigate the relationship 
between these factors and the trajectory of physical function and 
frailty in very low-resource settings such as rural Burkina Faso.
Data availability
Data are not publicly available as consent was not given by par-
ticipants for data to be shared openly. This is in part because 
entire age cohorts of some villages are included in the data-
set, potentially allowing for deductive disclosure with sufficient 
local information. For this reason, anonymized data is available 
from CHAS study data controllers only following signature 
of a data use agreement restricting onward transmission. 
Anyone wishing to replicate the analyses presented, or 
conduct further collaborative analyses using CHAS (which are 
welcomed and considered based on a letter of intent), should 
contact Dr Guy Harling (g.harling@ucl.ac.uk) in the first 
instance.
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have some comments authors may want to take into account in the final version of the paper. 
Lifecourse, gender perspectives and selective survival could help explain the very high physical
function of older men and women in Nouna. More contextual information could be given in the
introduction or discussion: infant mortality and maternal mortality historical data would help to
better understand aging in this extremely poor context. 
 
Selective survival should be seriously considered in international studies on aging in LMIC. The
authors mention that life expectancy was 49.5 years in 1990. However, in 1990 most of the study
cohort was older than 50 years of age, therefore they had survived the life expectancy they would
have had if they had been born in 1990. Those born in 1938 are 80 years and over in 2018 when
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conducted in women from North East Brazil, we found evidence for a strong survivor bias since
telomeres of those women who had suffered the most economic and social adversity were longer
than telomeres of women who had been exposed to less adversity . 
 
Reproductive history is related to physical performance in old age. Most of these women have had
multiple childbirths from an early age and their chances to survive to old age were very small in a
context of high maternal mortality and very limited post-natal care or care for chronic diseases.
Surviving for women is at least equally hard as for men. Authors could cite previous research on
the effects of reproductive history on physical performance and frailty. See for example: Pirkle et al.
. And related papers by Dr Pirkle using data from the IMIAS Study.
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